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COLUMN AND PIiATE COMPRESSIVE STRqGTHS 
OF AIRCRAF'T STRVCTURP! MATERIALS 
BY George J, Beher1 and J. Albert ROY 
Column and plate oompressive strengths of extruded 
24S-T aluminum alloy were determined both within and 
beyond the elastic range from tests of thin-strip columns 
and local-instability tests of J5=, Z-,and channel-section 
columns. These tests are part of an extensive research 
investigation to provlde data on the' structural strength 
of various aircraft materials. The results are presented 
in the form of curves and charts that are suitable for use 
in the design and anal.gsis of' aircraft structures. 
INTRODUCTION 
Column and plate nembers in an aircraft structure are 
the basic elements that fail by instability. For the 
design of aircpaft of' low w e l e t  and high structural 
efficiency, the strength of these elements must be hown 
for the varicus aircraft materials. An extensive research 
program has therefore been undertaken at the Langley 
Memorial Aeronautical Laboratory to establish the column 
and plate compressive strsngthe of a number of the alloys 
available f o r  use in aircraft struatures. Parts of this 
investigation already completed for various aluminum 
alloys - a - T  sheet, 17s-T sheet, and extruded 759-T - 
are given in referenoes l8  2, and 3, respectively. 
plate compressive strengths of extruded 24S-T aluminum 
alloy are presented herein. 
The results of tests to determine the column and 
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SYMBOLS 
length of column 
radius of gyration 
fixlty'coefficient used in Euler column formula 
effective slenderness ratio of thin-strig column 
width and thickness, respectively, of flange of 
H-, Z-, or channel section (see fig. 1) 
width and thickness, respctively, of web of H-, 
Z-, or channel section (see fig. 1) 
corner radius (see  fig. 1) 
nondimensional coefficient ueed with and t(rJ 
in plate-buckling Zormula (see figs. 2 and 3 
and reference 4) 
modulus of elasticity in conpression, taken as 
lO,7CO ksi for 24S-T aliminum alloy 
nondimensional coefficient for columns (The value 
of is so determined that, when the effecUve 
modulus mC is substituted for E, in the 
equation for elastic buckling of columns, the 
computed critical stress agrees with the 
experimentally observed value. The coefficient 
7 is equal to unity within the elastic range 
end decreases with increasing stress beyond 
the elastic range.) 
, nondimensIoEa1 coefficient fcr compressed plates 
corres7onding to T for columns 
Poisson's ratio, taken a s  0.3 for 2 b - T  aluminum 
alloy 
critical compressive stress 
average coqwessive stress at naximum load 
compressive yield stress 
RACA ARFt No. L5F08b 3 
IdETHCDS OF TPSTINC) AND AITALYSIS 
4-11 tests were made in hydraulic testing machines 
accurate within three-fourths of 1 percent. The methods 
of t e s t i w  and analysis developed for this research pro- 
gram (reference 1) may be briefly summarized as follows: 
The compressive stress-strain curve9 for the extruslons, 
which identify the material for correlation with its ailurn 
and plate comDressive strengths, were obtained for the with- 
grain direction from tests of slngle-thickness compression 
specimens cut from the extruded H-section. The testa were 
made in a compression fixture of the MOntgO??i8rg-Templin 
type,  which provides lateral support to the specimsns 
through closely spaced rollers. 
The column etreqth and the associatea effective 
modulus were obtained fo: the wltk-grain direction by the 
use of the methoe gresented in reference 5, in which thin- 
strip columns of the material were tested with the ends 
clamped in fixtures that prcvide a high degree of end 
restraint. The fixtures have been improved and the method 
of analysis has been modified since publication of refer- 
ence 5. The method now used results in a column curve 
representative of nearly perfect column specimens. In 
addition, the method now takes Into account the fact that 
columns of the dinensions testsd are actually plates with 
two free edges. These colurins were cut from the flanges 
of the H-section adjacent to the junction of the web and 
flange . 
The plate compressive strength was obtained from com- 
pression tests of H-, 2-, and channel-section columns so 
proportioned as to develop local instability, that is, 
instability of the plate elements. (See f i g .  4.) Sxtruded 
R-SeCtiOnS having two different web widths were teste8; 
the flange widths for each were varied by milling off 
porticns of the flanges. The flanges of some of the H- 
section extrusions were removed in such a way as to make 
2- or channel sections as desired. The flange widths of 
the 2- and channel-section columna were varied in the sane 
manner as the flange widths for the H-section columns. 
The lengths of the columns were selected in accordance 
with the principles of reference 6. The columns were ’ 
tested with the flat ends bearing directly against the 
testing-machine heads. 
n m w m i m e n t 8  were taken of the cross-sectional distortion, 
In these local-instability tests 
. . . _  - .  -..._ ..---.-- - - 
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and the c r i t i c a l  s t r e s s  w a s  determined as the s t r e s s  a t  
the point  near the top of the h e e  of the s t ress -d is tor t ion  
curve a t  which a marked Increase i n  d i s to r t ion  f i r s t  
occurred w i t h  small increase i n  s t r e s s .  
A departure from the method of analysis  presentsd i n  
reference 1 is that  the inscde face dimensions were used 
t o  define bF and bTyy i n  the evaluation of  ucr.q by 
means of the eqiat ions and curveR of f i p r e s  2 and. 3 .  
T h i s  def in i t ion  of by end bW f c r  extrude2 s e c t l c ~ s  . 
w i t h  small f i l l e t s  was previcus2.g ussd I n  reference 3 in 
order t ha t  the theore t ica l  mid e x p r h a n t a l  buckling 
s t resses  wou1.d a p e e  within the e l a s t i c  range. Fer formed 
Z- and channel sect ions w i t h  an inside band radius  of 
three times the  sheet thtckiiess (refeilencesl and 21, 
and b:v wore defined as  center- l ine wldtbs w i t h  oquars 
corners essiuned. 
b~ 
’ RESGLTS LYTI ETSCUSSIOC 
Compressive Streas-Strain Curves 
aluminum a l loy ,  which were solectod as typical  o r  average 
curves f o r  the column mater ia l ,  a r c  given i n  f igure  5. 
These curves were obtained f rom t e s t s  of compression 
specimens cu t  from the flanges of the extrusions adjacent 
t o  the junction .of the web and-f langes as shown i n  f igure 5. 
Compressive s t ress-s t -a in  aupves f o r  extruded 249-T 
I n  order t o  study the var ia t ion  of the.co;npressive 
propert ies  over the crose-sect ions,  mrvegs m r e  made of  
the extrusion by t e s t s  of compression specimens cu t  from 
the web and f langes-of  the H-sectlons. A typical  var ia t ion  
of the compressive y ie ld  s t r e s s  oCg over the cross 
sect ion is shown in f i p r e  6 .  Values of u a t  the outer  
pa r t -o f  the f langes a re  generally. higher t h g  those f o r  the 
inner p a r t  of the flanges; the lowest values o f  
found i n  the wab i n  a l l  cases. The s t r a s s - s t r a in  curves 
of f igure 5, re7resentat ive Qf the material  i n  the flange 
adjacent t o  the web, therefme usual ly  show conservative 
values of 6, f o r  the flange and unconservative values 
aCy were 
. of ‘Ucy. f o r  T he web. 
The columns t o  wh1ch.a par t icular-  s t r e s s - s t r a in  -curve 
appl ies  are ir,diaated i n  tab le  1 together w i t h  the  value 
of the compreesive y ie ld  s t r e s s  f o r  that  a t ress -a t ra in  
1 . -  - 
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curve. These values of uc for  the with-grain d i rec t ion  
average about 50 k s l .  
pression was taken ae 10,700 -hi, ,the present acoepted 
value f o r  *-T aluminum ~llq. 
The L d u l u s  of e l a s t i c i t y  in com- 
Column and P la t e  Compressive Strength8 
Because the compreerslve propert ies  of an extruded 
aluminum a l loy  may vary coneiderably, the data and charta 
of this  repor t  should not be used f o r  destgn purposes f o r  
extrusions of 243-T aluminum a l loy  that have appreciably 
d i f f e ren t  compresaive propert ies  f r o m  those obtained I n  
these t e s t s ,  unless a su i tab le  method is devised f o r  
adjusting t e s t  r e s u l t s  t o  acaount f o r  var ia t ions i n .  
material  propert ies .  The r e s u l t s  of the column and local-  
i n s t a b i l i t y  t e s t s  f o r  extruded 2 4 3 - T  aluminum alloy are  
e m - a r i z e d  herein; a disousslon of the basic re la t ionships  
i s  given i n  reference 1. 
Column strength.- The column curve of figure 7 ahows 
..the r e s u l t s  of the t h l n - e t r ~ - c a l u m n  t e s t a  f o r  the with- 
grain direct ion.  The reduction i n  the e f fec t ive  modulus 
of e l s s t i c i t g  sEc w i t h  inarsase i n  column s t r e s s  1s 
. indicated by the var ia t ion  of 
f igure  8. 
Plate cmpresslve atrength.-The r e s u l t s  o f  the local-  
7 w i t h  s t r e s s  shown i n  
. i n s t a b i l i t y  t e s t s  of the H - r  2-, and channel-eectlon 
columns used t o  determine the s t e  compressive strength 
are  given i n  tables  2, 3, and E' , respectively.  The plate-  
buckling curves, analogous t o  the column-curve of f igure 7, 
are  shown i n  f igure  9. The-reduction of the e f f ec t ive  
modulus of e l a s t i c i t y  r j j C  w i t h  inorease i n  s t r e s s  f o r  
compressed p l a t e s  ls . . indicated by 'the var ia t ion  of q . 
opith' streee;whIah l a  shown along w i t h  the curve f o r  t 
-in f igu re  8. The crossing of the ~ - 4  and r)-ourvee shown 
in f igure  8 occurs.becauae ... the €Ilr 20, and channel-section 
columns used t o  obtain the q-cnrvea apparently had an 
. appreciable degree of imperfection, which resu l ted  i n  t h e '  
deviation of the v v e s  from unity a t  a lower s t r e s s  
than that a t  which the TIcurve,  representative of nearly 
p e r f e c t  columns, diverges from unity. 
The.var ia t ion of the actual c r i t i c a l  s t r e s s  bCr 
' w i t h  the theore t ica l  e r i t l c a l . . s t r e s s  ucr/q computed f o r  
e l a s t i o  buckling by means of the formula and charts  of 
f igures  2 and 3 I s  shown i n  f igure 10. 
_ .  
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In  order t o  i l l u s t r a t e  the difference between the 
c r i t i c a l  s t r e s s  Ucr and the average s t r e s s  a t  maximum 
with Is load z-, the var ia t ion  of aC1? 
required i n  s t rength calculat ions,  the var ia t ion  of U- 
with acr/q i s  shown i n  f igure  12. 
Figures 9 t o  12 show tha t  the data  f o r  H-sections 
described curves d i f f e ren t  from those indicated fo r  2- and 
channel sections.  One of the reasons why higher values of -- were obtained f o r  H-ssctlons than f o r  Z- o r  channel 
sections f o r  a given value of ( f i g .  121 may be the 
f a c t  t ha t  the high-strength material  i n  the flanaes ( f i g . 6 )  
forms a h i a e r  Fercentage of the t o t a l  cross-sectional 
area f o r  the H-section than f @ r  the 2- o r  channel section. 
For the H-section, %ax i s  increased over the value f o r  
the 2- o r  charnel section Over the e n t i r e  stress renge 
covered i n  these t e s t s  ( f i g .  12); acr f o r  the H-section, 
however, i s  increesed only f o r  s t r e s ses  beyond the e l a s t i c  
range (fig. 10). 
- 
shown i n  f igure  11. Because values of a,, =Y b", 
OCr/q 
- 
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T n e  
De signa t ion 
(tables 2 to 4) 
I Thin strip 
I 
A l l  
r 
47.0 
H 
K 
H 
Z 
z 
2 
Channel 
Channel 
Channel 
Channel 
ga, gb, loa, lob, 
1oc 
A 
B 
50.9 
52.1 
C 
D 
E 
B 
C 
I 
' E  i 
I '  
6a, 6b, 6c, 7a, 7b, 1 
7c i 
F 
D 
c 
I D  
47.0  
5&5 
51.6 
46.1 
52.5 
52.1 
46.1 
46.1 
47.0 
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TABLE 2.- DIMENSIONS OF COLUMNS AND TEST RESULTS 
FOR EXlWJDEI) 24S-T ii-SECTIONS 
L 
bw 
4.91 
5 0 4 4  
5-41  
5.45 
- 
I: :: 
5:;; 
2:;; 
6.70 
4.16 
5.21 
5.21 
5.61 
5.65 
6 .oa 
6.51 
6.51 
4.17 
5-25 
2::; 
ucr 
(ksi 1 
=cr 
4 
:ksl) 
( a )  
t13.2 
-
x : k  
66.3 
64.8 
65.4 
46 *4 
34.3 
34 
tkt! 
3 4 * t  
22.3 
2 .2 
20.3 
20.6 
% 
rig. 2) 
bF 
( i n .  1 
0 *99 
099 
0 99 
1.09 
1.09 
1.09 
1.17 
1.17 
1.17 
1934 
1.34 
1.10 
1 . ~ 9  
1.38 
1-59  
1-39 
1.67 
1.67 
1.67 
2.24 
1 e97 
4:ZZ 
bW 
(in.) 
1.61 
1.62 
1.62 
1.61 
1.62 
1.61 
1.61 
1.61 
1.61 
1.61 
1.62 
2.76 
2.76 
2.76 
2.76 
2.75 
2.7 
2 *7k 
2.7 
2-74  
2.74 
::a$ 
:01umn 
55.8 
55.1 
55-1 
52.4 
52.7 
50.1 
46.7 
47.7 
47.0 
8;:; 
8:; 
E:+ 
41.2 
32.6 
33.6 
;;;ij 2 
20.1 
20.1 
15.07 
13-09 
13.06 
12.99 
13.06 
12.99 
12  097 
12.96 
12.96 
12.9@ 
13.06 
23*7f 
25.75 
23.8E 
23.8: 
23 -95 
;t:o9: 
ft : 3 
25-91 
23.9: 
23.92 
- 
3.128 
,128 
.128 
.128 
,129 
,128 
.128 
,128 
.129 
.120 
.120 
t 120 
,120 
.120 
: 3 
.119 
.119 
.119 
.I19 
,120 
.120 
.121 
- 
1.969 
09 2 
0932 
0937 
*9 7 
.989 
937 
8983 
,988 
e965 
927 
*9P- 9 0 
:B 
3% 
9923 
.868 
.720 
747 
595 
* 595 
57.6 
57.6 
57.3 
55.6 
5 *7 
51.1 
51.8 
47.5 
5f.8 
E:? 
42.5 
3 .4 
37.2 
35 
33.8 
33.8 
3i.2 
35.2 
- 
).960 
.965 
.965 
.966 
e963 
.966 
.962 
.968 
.968 
*965 
0963 
0969 
.967 
;@ 
-9 5 
-927 
2.00 
2.01 
2.01 
1.67 
1 *47 
1 
1.1 
1.17 
3. 3 
2.78 
2.75 
2.72 
1-99  
1.51 
1.56 
1.20 
1.22 
3*59 
$3 
30.5 
33 92 
33 *2 
33.2 
35.3 
35-3 
39 9 
39.9 
40 -4 
40.1 
47.3 
47.5 
47.7 
55 04 
55 -4 
63 -4 
72.2 
71.6 
30*.2  
35.5 
56.2:t 
0.12 
.12t 
,124 
-124 
,124 
.124 
.124 
,124 
.124 
.124 
.124 
,116 
,116 
,116 
.116 
.115 
.115 
.ll 112 
.114 
,115 
.115 
.115 
l a  
l b  
I C  
2. 
2b 
2c 
3. 
5. 
6b 
6c 
7a 
7b 
7c 
8a 
8b 
9a 
9b 
5," 
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TABLE 3.- DIMENSIONS OF COLmWS AND TEST RESULTS 
. FOR EXTRUDED 24s-T 2-SECTIONS 
C O l u n m  
1 
2. 
2b c 
4b 
4c 
5. 
5b 
6 1  
6b 
6c 
7. i: 
9. 
9b 
10. 
10b 
1oc 
t.cr 
(in. 1 
0.124 
.123 
.123 
.127 
.126 
.126 
.124 
.125 
.114 
.115 
:E? 
:z 
:E2 
. 11 
.ll 
.116 
.116 
tF 
( in. 1 
3.128 
.128 
,128 
.128 
.131 
e130 
.129 
.129 
.129 
.129 
,121 
.118 
,121 
.121 
.118 
.121 
.I19 
.120 
-119 
.122 
.121 
.123 
b 
W 
(in.) 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.62 
1.61 
2.75 
2 0.75 
2.7 
2.76 
2.76 
2.76 
2.72 
2.72 
2.7 
2.76 
bF 
( i n . )  
0.98 
1.00 
1.00 
1.01 
1.18 
1.17 
1.34 
1-35 
1.09 
1.10 
1.11 
- 
lo08  1.1 
;:$ 
::3 
1.96 
1.96 
2.25 
2.25 
2.25 
L 
( i n .  1 
;b: ;; 
66.9; 
6.95 
7 %  
9-86 
7.52 
10.01 
9.93 
t i .98 
11 999 
16.48 
16.48 
17.78 
L7.75 
17.59 
ta:gz 
tW 
tF 
1.964 
.960 
.959 
*9  5 
.966 
.963 
-970 
-
- 
.929 
*'at 9 
.9 *9%3 
.9;5 
-952 
9 948 
946 
0972 
948 
-9  5 
9972 
-95 
9959 
- 
bW 
tw 
- 
13-09 
13 915 
13.17 
13.16 
12.83 
12.86 
12.92 
12.92 
24.01 
2 .9a 
24.21 
23.83 
23.81 
23.51 
23. 9 
13.03 
12  -93 
24 04 
22.10 
5z:; 
2 3 . r  
bF 
bW 
0.602 
.615 
.615 
.623 
.673 
,728 
.728 
839 
:E; 
:$2: 
*5:8 
: 8:: 
0405 
.502 
: 209 
,710 
.815 
.815 
kor 
fig. 3) 
2.31 
2.24 
2.24 
2.20 
1.92 
1.68 
1.6g 
1.6 
1 e33 
1.31 
3. 7 
3 -90 
3-07 
2 -94 
3.03 
2.2 
1.75 
1.73 
1.38 
1.39 
1.38 
3 *{5 
28.4 
29 .o 
29.1 
29.3 
30.6 
32.8 
33.3 
33.0 
37.0 
37.3 
40 .o 
40.3 
40.0 
45.7 
53 *O 
59 
66.2 
66.5 
66.7 
%2:5 
5 9 3  
=c F -
T 
ksl) 
(a )  
.30.4 
.25.3 
.25.1 
97.6 
95.1 
97.2 
77.0 
75.9 
66.1 
6 .o 
.22*;5 1 . 
6k.9 
21.1 
37.6 
29.8 
2 *5 
23.9 
23.7 
. 
U 2 2 = w2GtW , where EC = 10,700 k a i  and p = 0.3. 
tl 
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1.68 
1.68 
1.96 
1.98 
1.97 
2.24 
:zt 
15.44 5 .  9 5.21 :%:$a 5.93 16.30 5.91 
16.30 
17.80 z:$ 
17.80 6.45 
17-85 6.47 
TAFEE 4.- DIMENSIONS OF C@LUMNS AND TEST RESULTS 
F O R  EXTRUDED 2 b - T  CHANNEL SECTIONS - 
column 
l a  
l b  
2a 
2b 
3a 
3b 
hc" 
k: 
5: 
4f 
5c 
6. 
6b 
6c 
7. 
7b 
i: 
8b 
8C 
9a 
9b 
90 
1 On 
10b 
100 
f 
( in .  1 
bw 
( in .  1 (kri) (ksl) 1 kw f ig .  3 )  s bW 
3.12 
.12t 
:11$ 
: :zz 
$2 
::z 
::y 
.12? 
,122 
:El 
.123 
.123 
.125 
.125 
.125 
.125 
.125 
,124 
.124 
.114 
.125 
.125 
.125 
.114 
.12 
.12 
- 
0.12 
.12i 
.128 
.128 
.129 
.129 
.129 
.129 
.130 
,129 
.129 
.119 
,129 
.130 
:E% 
.I28 
.12 
. l l9  
.122 
,120 
. l l 9  
,120 
.120 
.120 
.120 . I20 
,121 
.121 
.121 
.121 
.119 
1.61 
1.61 
1.61 
1.60 
1.63 
1.61 
1.61 
1.61 
1.60 
1.61 
1.61 
1.62 
1.61 
1.61 
1.61 
1.62 
1.60 
;:7J? 
2-75 2.76 
2.74 
2.75 
2.76 
2.76 
2.76 
2.76 
2.76 
2.76 
2.72 
2.7 
2.76 
0.960 
,967 
0964 
-959 
* 971 
.966 
.966 
.966 
.962 
.961 
.960 
965 
e963 
.963 
.962 
.964 
.959 
:;t 
:?$ .9 
1:% 
:::z 
1.042 
1 . o b  
1.041 
1. oh6 
1.047 
1..044 
0.613 
,606 
.613 
.620 
.663 
-677 
-677 
.677 
* 731 
727 
.733 
.733 
.a32 
.a27 
-844 
-400 
-40 . 4 O l  
507 .511 
* 509 
.609 
.609 
.609 
:Ell 
.713 
e717 
: Gk 
.Bo8 
,812 
- 
128.0 
129 - 3 
28.7 127.8 
13-04 
12.99 
13 a 5  
13.01 
13-03 
12.91 
12.91 
12.90 
13.00 
12.90 
12.92 
13.00 
12.86 
12.93 
; ; : I ;  
12-95 
25-87 p; 
2::; 
:;:I3 
22.07 
22.11 
22.04 
21.97 
22.01 
21.72 
21.90 
22:3 
2.25 
1.91 
1.90 
1.90 
1.90 
1.66 
1.67 
1.67 
1.65 
1.29 
3.88 
3.9 
3.00 
2.9 
2.10 
2.10 
2.10 
1.57 
1.54 
1-55 
2.20 
::E 
:::t 
3 q  
2.98 
11:3 
1.27 
0 -98 
99 
.99 
.99 
1.08 
1.09 
1.09 
1.09 
1.17 
1.17 
1.18 
1.18 
1-34 
1.34 
1.35 
l.3 11 
125.7 
109.0 
31 .o 110.2 
31.0 110.2 
10.00 
10.00 
10.00 
12.03 
12.02 
12.06 
. - uOl. = kf12%tr: , where E, = 10,700 ksi and p = 0.3. 
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Figure I . -  Cross sections of  H - ,  2-, and channel-  
section columns. 
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Figure 2.-Values of k, for H- 
columns. (From reference 
sect ion 
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kqure 3. -  Values of kw fo r  Z- and channel- 
section columns. (From reference 4 .) 
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Figure 4.- Local instability of a n  H-section column. 
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Figure 5.- Compressive stress- strain curves for extruded 24 S-T aluminum alloy. 
(Curves A, B, C,, etc., are identified in table I.) 
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Figure 6. - Variation of the compressive yield 
stress over the cross section of an extruded 
H-section of 24s-T aluminum alloy. (Values in ksi) 
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Figure 7. - Column curve f o r  extruded 24s-T aluminum alloy. ccy = 50 ksi. 
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Figure 8 .  - Variation o f  z and q with stress f o r  
extruded 24s-T aluminum alloy. ocy = SOksi. 
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Figure 9. - Plate- buckling curves for  extruded 
24 s-T aluminum alloy obtained from tests of 
H-, Z-, and channel - section columns. qY= 50 ksi. 
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Figure lO.-Variation of a, with ocr/r, for plates o f  
extruded 2 4 S-T aluminum alloy obtained froin tests of 
H-, 2, and channel -section columns. &,,= 50 ksi. 
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Figure 1 1 .  - Variation of oCr with ocr/hax for  extruded 
24 S-T aluminum - alloy H -, Z -, and channel -section 
columns. ccy = 50 ksi. 
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Figure 12.- Variation of G~~~ with q./r, for  extruded 
2 4  S-T aluminum - alloy H -, Z -, a n d  channel -section 
columns. oicy.: 50 ksi .  

